The Effectiveness of Cigarette Regulations in Reducing Cases of Sudden Infant Death Syndrome by Sara Markowitz
NBER WORKING PAPER SERIES
THE EFFECTIVENESS OF CIGARETTE REGULATIONS IN REDUCING CASES








I would like to thank Andy Racine, Ted Joyce, Pinka Chatterji and Michael Grossman for extremely
helpful comments and suggestions.  I would also like to thank Frank Chaloupka for providing me with
some of the data. The views expressed herein are those of the author(s) and do not necessarily reflect
the views of the National Bureau of Economic Research.
© 2006 by Sara Markowitz. All rights reserved. Short sections of text, not to exceed two paragraphs,
may be quoted without explicit permission provided that full credit, including © notice, is given to
the source.The Effectiveness of Cigarette Regulations in Reducing Cases of Sudden Infant Death Syndrome
Sara Markowitz




Sudden Infant Death Syndrome is a leading cause of mortality among infants and is responsible for
thousands of infant deaths every year.  Prenatal smoking and postnatal environmental smoke have
been identified as strong risk factors for SIDS.  Given the link between smoking and SIDS, this paper
examines the direct effects of cigarette prices, taxes and clean indoor air laws in explaining changes
in the incidence of SIDS over time in the United States.  State-level counts of SIDS cases are generated
from death certificates for 1973 to 2003.  After controlling for some observed and unobserved confounding
factors, the results show that higher cigarette prices and taxes are associated with reductions in SIDS
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INTRODUCTION 
 
Sudden Infant Death Syndrome (SIDS) is the unexplained, sudden death of an infant 
under 1 year of age.  SIDS is the leading cause of mortality among infants ages 1-12 months, and 
is responsible for thousands of infant deaths every year (CDC 2006a).  Although much research 
has been conducted on the correlates of SIDS and related risk factors, the underlying biologic 
mechanisms causes of SIDS are currently unknown (USDHHS 2006).  SIDS cases are usually 
identified through an autopsy that rules out other identifiable causes of death.  The standard 
definition of the syndrome is “the sudden death of an infant under 1 year of age, which remains 
unexplained after a thorough case investigation, including performance of a complete autopsy, 
examination of the death scene, and a review of the clinical history.”  (American Academy of 
Pediatrics [AAP] Task Force on SIDS 2005, p. 1245) 
Rates of SIDS in the United States have been steadily declining since 1980 (Figure 1).  
Since then, the number of SIDS cases has fallen from 1.53 per 1000 live births in 1980 to 0.53 
per 1000 live births in 2003.  The difficulty in identifying the causes of SIDS makes it difficult to 
attribute reasons for the decline.  The “Back to Sleep” campaign, which recommends that infants 
should be put to sleep in a supine position, has been widely cited for achieving significant 
reductions in SIDS in the U.S. (Willinger et al. 1998; Pickett et al. 2005; Anderson et al. 2005).  
However, given that this campaign began in the mid-1990s, there is still much unknown about 
the trends, causes, and prevention of this syndrome. 
Much of the current research on SIDS focuses on identifying the risk factors that are 
consistently observed to be associated with elevated risks of SIDS.  The Centers for Disease 
Control (CDC) summarizes seven primary risk factors:  1) tummy or side sleeping; 2) soft sleep 
surfaces; 3) loose bedding; 4) overheating; 5) smoking; 6) bed sharing; and 7) preterm and low   2 
birth weight (CDC 2006b).  The AAP adds that the use of pacifiers may reduce the risk and 
young maternal age increases it (AAP Task Force on SIDS 2005).  For many of these risk 
factors, public education campaigns may be the only way to encourage the behaviors that will 
reduce SIDS.  For smoking, however, policy makers have a variety of tools besides public 
education that can be used.  Cigarette taxes and laws regulating indoor smoking are known to be 
strong predictors of smoking behaviors among all adults and pregnant women (Evans and Ringel 
1999; Chaloupka and Warner 2000; Tauras 2006).  If smoking is truly a causal determinant of 
SIDS then policies that reduce smoking should have the added benefit of reducing SIDS cases.  
The purpose of this paper, therefore, is to examine the direct effects of changes in cigarette 
prices, taxes and clean indoor air laws in explaining changes in the incidence of SIDS over time 
in the United States.   
 
SMOKING AND SIDS 
A number of studies from the U.S. and other countries around the world have established 
both prenatal and postnatal smoking as major preventable risk factors for SIDS.  In a 
comprehensive review of this literature, Anderson and Cook (1997) find that maternal smoking 
doubles the risk of SIDS.  They conclude “the relationship is almost certainly causal.” (p. 1003)  
The U.S. Surgeon General’s 2006 report on the Health Consequences of Involuntary Exposure to 
Tobacco Smoke concurs:  “The evidence is sufficient to infer a causal relationship between 
exposure to secondhand smoke and sudden infant death syndrome.” (p. 194).   
The mechanism through which smoking influences SIDS is not clear, although it is 
believed that the immediate cause of death is through the cardiorespiratory system (Anderson 
and Cook 1997). During pregnancy, smoking may directly alter fetal oxygenation and   3 
development (Schoendorf and Kiely 1992), or it may affect birth weight, which can have a 
separate effect on SIDS (CDC 1991).  After birth, smoking may lead to an irritation of the 
airway or respiratory infections, and nicotine may affect ventilatory response functions 
(Anderson and Cook 1997). 
The literature on prenatal smoking and SIDS shows that the risk of dying from SIDS is 
much higher for infants of mothers who smoked during pregnancy than for those with mothers 
who did not smoke (Mitchell et al. 1993; Blair et al.1996; Getahun et al. 2004; Anderson et al. 
2005).  Anderson et al. (2005) attribute a range of 48 percent to 80 percent of the observed SIDS 
deaths to prenatal maternal smoking, even after controlling for other factors such as birth weight, 
gestational age, and certain maternal characteristics.   
Postnatal smoking by either the mother or other household members also has been shown 
to be a risk factor for SIDS.  For example, case-control studies on maternal smoking postpartum 
by Schoendorf and Kiely (1992), Mitchell et al. (1993), Klonoff-Cohen et al. (1995), Blair et al. 
(1996) and others all find a positive relationship between smoking and SIDS, even after 
controlling for other risk factors such as maternal characteristics, prenatal smoking, and, in some 
studies, sleep position.  The risk of death is also found to rise with increasing levels of smoking 
(Mitchell et al. 1993; Blair et al.1996).  Anderson and Cook (1997) conducted a meta-analysis of 
postnatal maternal smoking and found that smoking after pregnancy increases the risk of SIDS 
by 94 percent.  Klonoff-Cohen et al. (1995) specifically examine maternal smoking in the same 
room as the infant show even larger increases in the risk of SIDS over mothers who do not 
smoke.  
Smoking by fathers and other household members is also believed to be associated with 
an increased risk of SIDS, although the evidence is not consistent across studies (USDHHS   4 
2006).  Controlling for maternal prenatal smoking, Klonoff-Cohen et al. (1995) and Blair et al. 
(1996) find that children in households with a non-smoking mother but a smoking father have a 
higher risk of SIDS than children in households with non-smoking parents.   Mitchell et al. 
(1993) also show an increased risk for children in households where household members other 
than the mother or father smoke, but this result does not hold in models that also include 
smoking by the parents.  However, studies by Brook et al. (1997), Mitchell et al. (1997) and Alm 
et al. (1998) show statistically insignificant effects for father’s smoking. 
  The above mentioned studies are all case-controlled studies that match families of infants 
who died to a sample of control families with similar characteristics.  Many studies are 
population based, but often have small sample sizes and focus on restricted geographic areas.  
The results of the multivariate studies may be biased if the smoking behaviors examined are 
correlated with other unmeasured risky behaviors that remain in the error term.  For example, if 
people who smoke are less likely to follow the advice of doctors, then it is plausible that they 
might also ignore the advice to put babies in the supine position for sleeping.  The endogeneity 
problem is particularly prevalent in studies of SIDS in the U.S. that use national level data, such 
as death certificates or the National Maternal and Infant Health Survey, and do not contain 
information on sleep position or other sleep-related behaviors (Schoendorf and Kiely 1992; 
Getahun et al. 2004). 
None of the above mention studies analyzes a long time series of SIDS deaths in the 
United States in an attempt to explain trends over time in the syndrome and the factors associated 
with changes in the trends.  The paper attempts to fill this void in the literature, and does so 
while avoiding the problems of the endogeneity of smoking behaviors.  To my knowledge, this is 
the first paper that associates long-term trends in smoking and the exogenous determinants of   5 
smoking to population based SIDS rates in the United States. 
 
CIGARETTE PRICES AND SMOKING  
  Research in economics has well established the negative relationship between the price of 
cigarettes and the quantity demanded.  Price elasticity estimates of cigarette sales data range 
from –0.14 to –1.23, with a large number of the estimates falling in a narrower range of –0.20 to 
–0.50 (USDHHS 1994).  Estimates from individual level data yield similar estimates, with a 
consensus price elasticity of demand for adult smoking of -0.4 (Chaloupka and Warner 2000).
  In addition to estimating own-price effects, several econometric studies have examined 
the effects of smoke-free air laws on adult smoking behavior.  A majority of these studies find an 
inverse relationship between the implementation of these laws and smoking (Wasserman et al. 
1991; Chaloupka 1992; Evans et al. 1999; Ohsfeldt et al. 1999; Czart, et al. 2001; Gallet 2004).   
Tauras (2006) finds that more restrictive smoke free air laws decreases average quantities for 
adult smokers, but have no effects on the prevalence of smoking.  
  The smoking behaviors of pregnant women are also susceptible to changes in cigarette 
prices.  Using national natality files, Evans and Ringel (1999) and Ringel and Evans (2001) 
examine the demand for cigarettes among pregnant women and find that higher cigarette taxes 
are associated with a reduced probability of smoking during pregnancy.  They estimate 
participation price elasticities of -0.5 and -0.7, respectively.  Lien and Evans (2005) confirm 
these participation results using recent natality data from four states that experienced large 
cigarette tax changes.  Gruber and Köszegi (2001) also use natality data and find negative price 
effects on the average quantity of cigarettes smoked daily by pregnant women.   
Bradford (2003) uses data from the National Maternal and Infant Survey and follow-up to   6 
examine the relationships between cigarette prices and smoking behaviors for pregnant and non-
pregnant women.  He finds that while higher prices are negatively associated with the probability 
of smoking and the quantity of cigarettes smoked, there is no different in the magnitudes of the 
effects for pregnant and non-pregnant women.  Colman et al. (2003) show that higher cigarette 
taxes are negatively related to the probabilities of smoking before, during and after pregnancy.  
This study also examines quit and relapse behavior of pregnant women and finds that higher 
taxes are associated with increased probabilities of quitting prior to pregnancy and quitting 
before delivery.  Higher taxes also decrease the probability that a woman will resume smoking 
after delivery. 
 
METHODS AND DATA 
The empirical specification is based on the notion that smoking behaviors may lead to 
SIDS.  Therefore, the exogenous determinants of cigarette consumption, for example cigarette 
prices and regulations, are hypothesized to reduce SIDS rates through decreased consumption.  
The model is specified as follows: 
1)  Sjt = f(Pjt, Xjt,  rj, qj, at). 
Equation (1) shows that the number of SIDS cases (S) in a state (j) for a given year and quarter 
(t) is a function of the full price of cigarettes (Pjt), which includes monetary prices and laws 
regulating smoking, other determinants of SIDS (Xjt), year effects (rt ), seasonal effects (qt), and 
state effects (aj ).  The principal hypothesis tested is whether or not changes in the full price of 
cigarettes can explain the changes in SIDS cases over time.   
Equation 1 represents a reduced form equation which models SIDS as a direct function of 
the full price of cigarettes rather than as a function of consumption of cigarettes.  The reduced   7 
form model has two advantages.  The first is that the results will suggest viable policy tools, such 
as increases in cigarette taxes, that may be effective in reducing SIDS.  The second is that the 
results can provide further evidence for the causal relationship between smoking and SIDS.  The 
exogenous determinants of consumption, such as prices, are not expected to affect SIDS except 
through consumption; thus any result showing that higher prices reduce SIDS is consistent with a 
causal explanation.  The reduced form is a useful strategy for detecting causality when estimates 
of the structural relationship are biased due to correlation of smoking behaviors and unobserved 
factors in the error term.   
  The variables used in Equation 1 are described in detail below.  The unit of observation is 
at the state level, and data for each state is observed quarterly for the years 1973-2003.  Quarterly 
data are used so that the variables representing the full price of smoking (prices, taxes and smoke 
free air laws) are matched fairly closely to the actual date of death.  However, as discussed 
above, the harm from smoking may occur both from prenatal maternal smoking and from 
postnatal environmental smoke.  These two sources of smoke imply that the cigarette prices, 
taxes and regulations that existed in both time periods are relevant for this study.  Therefore, a 
second models is considered that includes a one-year lag of the cigarette policy variables.  A lag 
of one year is chosen since the majority of SIDS cases occur in the 2nd and 3rd month of life 
(AAP Task Force on SIDS 2005).  The lagged variables will therefore represent the policies that 
existed at or near the beginning of the pregnancy for many of the cases of SIDS.  This timing is 
appropriate as most women make their smoking decisions at the beginning of their pregnancy 
(Evans and Ringel 1999).  Lagged and current values of prices and laws are not included in the 
same models because of the high degree of collinearity across time.   
  Given that SIDS cases are counts, I use the Fixed Effects Poisson (FEP) estimator to   8 
estimate the models (Wooldridge 2002; Cameron and Trivedi 1998).  This estimator is a quasi-
maximum likelihood estimator that includes parameters or “fixed effects” to account for 
unobserved heterogeneity across the units of observation (states).  Estimates are consistent 
regardless of whether the counts actually have a Poisson distribution (Wooldridge 2002).  To 
permit overdispersion, a common feature of count data that is not accommodated by the Poisson 
maximum likelihood estimator, standard errors are adjusted for heteroskedasticity of unknown 
form that includes a within-state cluster correlation (Cameron and Trivedi 2005; Bertrand et al. 
2004).  Each model includes the log of the number of live births in the state for each year as a 
right hand side variable to normalize for exposure.  The coefficient on log births is constrained to 
equal one.
1   
 
SIDS Data 
Data on SIDS cases come from the 1973-2003 Multiple Cause of Death files provided by 
the National Center for Health Statistics (NCHS).  SIDS cases first appear in 1973 because there 
was no specific ICD code for SIDS prior to then (Malloy and MacDorman 2005).  Cases of SIDS 
are identified using ICD codes.  In the early years of the data, ICD-8 code 795.0 identifies SIDS 
cases.  From 1979 to 1998, ICD-9 code 798.0 identifies the cases.  Data from 1999 on uses the 
ICD-10 code of “R95” to identify SIDS cases. 
Differences in reporting practices across time and states may influence the quarterly 
SIDS counts.  For example, in 1996, the CDC issued a new reporting form for SIDS along with 
new guidelines regarding the death scene investigation (CDC 1996).  This change was 
implemented because prior practices for case investigation varied greatly among reporting 
                                                 
1 Models were tested using a log-linear model to estimate SIDS rates instead of counts.  Results are very similar to 
those presented here.   9 
jurisdictions.  Recent changes in the ICD codes and coding practices may also be responsible for 
altering the numbers of reported cases.  In 1999, a variable signifying “pending investigation” 
was added to the mortality files.  This change allows certifiers to list a tentative cause of death 
along with the pending investigation designation.  Updates to these cases in the natality files are 
not always received and many cases remain without a cause of death listed (Malloy and 
MacDorman 2005; Shapiro-Mendoza et al. 2006).  The was also a change in the classification 
rules for SIDS that occurred when switching from the ICD-9 to ICD-10 that may have resulted in 
a shift in case classifications away from SIDS, towards other unknown/unspecified causes and 
accidental suffocation or strangulation in bed (Shapiro-Mendoza et al. 2006). 
While the reporting issues may affect the observed trends in SIDS, these factors should 
not influence the conclusions regarding smoking policies in the multivariate analysis.  First, 
changes in the reporting that is uniform to all states at one time can be accounted for by 
dichotomous indicators for years in the models.  Second, so long as the measurement error in the 
dependent variable is uncorrelated with the explanatory variables of interest, this will raise the 
standard errors on the coefficients but still produce consistent estimates.  The estimated 
coefficients could be affected if the changes in the reporting practices were systematically related 
to changes in cigarette prices and policies, however, this possibility seems highly unlikely.   
 
Cigarette Variables 
Cigarette prices and taxes are used as alternative measures of the monetary price of 
cigarettes.  Cigarette price and tax data come from the annual Tax Burden on Tobacco 
(Orzechowski and Walker 2005).  The prices are weighted averages for a pack of 20 cigarettes 
and are inclusive of state excise taxes.  Because the price published is as of November 1 of each   10 
year, the prices were adjusted to create a state-level average quarterly price.  Quarterly taxes are 
determined using the effective date of legislated tax changes.  Cigarette prices and taxes are 
deflated by the national Consumer Price Index published by the Bureau of Labor Statistics 
(1982-1984=100).   
Three variables representing the degree of smoking restrictions in certain places are 
included as additional measure of the full price of cigarettes.  These smoke free air (SFA) laws 
are the laws regarding private workplaces, restaurants, and child care centers.  These variables 
were obtained from Gary Giovino at the Roswell Park Cancer Institute who created these 
variables for project ImpacTeen.  The laws are appended to the SIDS data by state, year and 
quarter, based on the effective dates of the laws.  Even though states have SFA laws regarding 
many different establishments, these three are the focus of this paper because private workplace 
and restaurant restrictions are very common and research has show there to be an influence of 
these individual laws on smoking behaviors (Evans et al. 1999; Tauras 2004).  Restrictions in 
child care facilities are included because of the relevance to SIDS.   
The variables for private workplaces and restaurants take on four possible values.  A zero 
represents no provisions.  A one represents laws that restrict smoking to designated areas or areas 
with separate ventilation with exemptions for the size of the establishment.  A two represents a 
restriction to areas with separate ventilation or imposes a ban, with exemptions.  Finally, a three 
represents a ban that is present at all times.  The values for the child care index range from zero 
to five.   A zero represents no provisions.  A one represents laws that restrict smoking to 
designated areas.  A two restricts smoking to areas with separate ventilation or imposes a ban 
when children are present, with exemptions.  A three represents a ban when children are present 
for commercial day care sites, while a four adds home day care to the ban.  A five represents a   11 
ban at all times for all types of day care arrangements. 
Because of the high degree of collinearity between the regulations, each SFA index is 
included separately in the regressions.  The collinearity arises because many states pass SFA 
laws applicable to different facilities at the same time.  The simple correlations between 
restrictions in private workplaces and restaurants is 0.66, between private workplaces and child 
care centers is 0.40, and between restaurants and child care centers is 0.46.  An alternative model 
is also presented which combines the above indexes.  Termed “smoking ban count”, this measure 
ranges from zero to three and counts the number of bans present in the state.  That is, this 
variable counts the number of times a values of three or greater appears for the private 
workplace, restaurant, and child care indexes within given state, year and quarter.  For example, 
if none of the locations have a ban in effect then the smoking ban measure takes on a value of 
zero.  If all three locations have a ban, then the measure takes on a value of three. 
 
Temporal and State Variables  
As mentioned above, the “Back to Sleep” campaign has been widely cited as the primary 
cause for the recent reductions in SIDS cases.  In 1992, the American Academy of Pediatrics 
recommended a side or back sleeping position as a way to reduce SIDS.  The national “Back to 
Sleep” campaign began in 1994 and continues today.  In 1996, the AAP advised that the back is 
the preferred sleep position, as new evidence revealed an increased risk of SIDS for side-sleepers 
relative to back-sleepers (AAP 2005).  It is difficult to know the rate at which the dissemination 
of information regarding sleep position reached individuals in different states.  Therefore, annual 
time dummies will be used to represent the effects of the campaign.  Quarterly time indicators 
are also included to represent any seasonal changes in SIDS rates.  Models were also tested that   12 
include indicators for each unique year and quarter, and the results do not change.  These results 
are available upon request.  The model with separate year and quarter indicators is preferred 
since the effects of the post-1992 AAP recommendations can be clearly seen with annual time 
dummies.  Also, within each year there is a strong seasonal trend to SIDS with more deaths 
occurring in the first and forth quarters of the year.   
Each model includes some other state-level time varying variables to account for 
additional factors which may be associated with the number of SIDS cases over time.  Maternal 
characteristics such as low income, low education, and young maternal age are all strongly 
correlated with an increased the risk of SIDS (Anderson and Cook 1997; Spencer and Logan 
2004; Hunt and Hauck 2006).  To represent SES status, I include the annual state unemployment 
rate, the annual real per capita income, and the quarterly average level of education of new 
mothers in all models.  Education is represented as the percentage of mothers giving birth in each 
state and quarter who have less than a high school education (the omitted reference category), a 
high school education, some college, or a college degree or higher.
2  The quarterly average age 
of first-time mothers is also included.  It should be noted that the low SES is not believed to be a 
causal factor of SIDS, but rather a distal factor that acts through some of the other known risk 
factors such as low birth weight, smoking, or prone sleeping.  Unemployment rates and per 
capita income come from Department of Labor, Bureau of Labor Statistics and the Department 
of Commerce, Bureau of Economic Analysis, respectively.  The average age of the mother at 
first live birth and the average education of new mothers are generated from the National Center 
for Health Statistics Natality files, 1973-2003.   
Infant characteristics such as male gender, non-white race, and low birth weight are also 
                                                 
2 Ten states have missing values for education in various years of the data prior to 1992.  These observations 
represents 5 percent of the sample.  To preserve the observations, the sample means replace the missing values.  
Models were also tested that exclude the education variables and results for the cigarette policies remain unchanged.     13 
associated with higher risk of SIDS (Anderson and Cook 1997; Pickett et al. 2005; Getahun et al. 
2004).  State-level rates of new births representing these characteristics will be included in the 
models.
3  The percentages of births that are male, low birth weight (less than 2500 grams but 
greater than 1500 grams), and very low birth weight (less than 1500 grams) are generated from 
the NCHS Natality files for each state and quarter.  Note that the low birth weight variables may 
be problematic in the models since birth weight is also an outcome of prenatal smoking.  This 
issues is examined in further detail below.  The percentages of births born to mothers who are 
identified as black and American Indian/Alaska Natives are also included in all models.  Lastly, 
all models also include state fixed effects to account for unmeasured, time invariant 
characteristics unique to each state. 
 
RESULTS 
Figure 1 shows rates of SIDS cases over time plotted along with average cigarette prices 
in the United States.  Even this crude picture clearly shows a strong negative relationship 
between the two variables.  SIDS cases per 1000 live births increase from the initial year of 1973 
until 1980 thereafter fall almost continuously until 2003.  There are two slight increases in 1983 
and 2002.   By contrast, real cigarette prices decrease until 1981, after which they rise almost 
continuously, with a brief decline between 1992 and 1994. 
Table 1 shows means for all included variables.  Column 1 shows the means for the entire 
period, while columns 2 and 3 shows the means for the beginning and ending periods, 1973 and 
                                                 
3 Better estimates of the relationships between the maternal and infant characteristics and SIDS can be obtained by 
using individual-level data such as the linked birth-death records from the National Center for Health Statistics.  I 
chose not to use individual level data because the cigarette variables are reported at the state level, and there is no 
gain to using individual-level data for the estimation of these coefficients.  Also, the linked birth and death data are 
only available from 1983-1991 and 1995-2001 providing far fewer years of data than the Multiple Cause of Death 
Files.  Some of these years do not include information on the death month which would prevent the merge of 
cigarette variables by quarter and result in a less precise match of the cigarette policies with the date of death.   14 
2003, respectively.  Over this thirty-one year period, there are an average of 21 cases of SIDS 
every quarter.  The real average price of a pack of cigarettes is $1.15, while the real average state 
excise tax on a pack is $0.20.  Smoke free air laws are somewhat lax over the full period with 
average values of the indexes for private workplaces, restaurants, and child care centers of 0.26, 
0.38, and 0.66 respectively.  However, the means mask the increase in these indexes from no 
restrictions in any state in 1973 to a majority of states having some kind of restriction in 2003. 
 
Cigarette Sales and Smoking During Pregnancy 
  To demonstrate the correlation between smoking and SIDS, I first estimate the structural 
model where SIDS is regressed on measures of cigarette smoking and the other state-level 
variables.  Estimates of the structural model are not the main focus of this paper because the 
estimates are potentially biased, and the reduced form, not the structural model, is directly 
applicable to policy.   The literature linking smoking and SIDS discussed above cites smoking as 
a causal factor for SIDS, nevertheless, in a structural model, the coefficient on smoking can be 
biased if smoking behaviors are correlated with other unobserved or unmeasured factors that also 
influence the occurrence of SIDS.   
Two measures of smoking are considered.  The first is the per capita number of packs of 
cigarettes sold annually in each state as of June 30, and the second is the percentage of women in 
each quarter who gave birth and reported smoking during pregnancy.  These measures are 
chosen to represent postnatal and prenatal smoking, the two ways smoking can affect child 
health.  In the absence of data on children’s direct exposure to environmental smoke, sales data 
provide a crude representation of the possible presence of secondhand smoke. 
The sales data come from the Tax Burden on Tobacco (Orzechowski and Walker 2005).    15 
Since these data are as of June 30 of each year, a given year’s sales data is matched to the SIDS 
counts for the first and second quarter of the same year and the third and forth quarter of the 
previous year.  These results are in the first column of Table 2.  However, since there is no 
quarterly variation in the sales data, an alternative specification is shown in column 2 of Table 2 
in which the quarterly data have been aggregated to annual data.  In this model, the dependent 
variable is the total SIDS counts for the first and second quarter of the current year and the third 
and forth quarter of the previous year.  The other right hand side variables are all averages over 
the relevant quarters. 
Rates of smoking during pregnancy are calculated from the NCHS Natality files for each 
state and quarter, beginning in 1989, the first year that questions were asked on tobacco used 
during pregnancy.
4  Any live birth in a given quarter is at risk for SIDS, so estimates of the 
structural model using this smoking measure will tell the effects of higher proportions of women 
giving birth who smoked during pregnancy on the current SIDS counts. 
Table 2 shows the results of the structural models.  Columns 1 and 2 show that the 
coefficient on per capita sales is positive and statistically significant.  From column 2, the results 
show that an increase of one pack of cigarettes sold per capita is associated with 0.22 more 
annual SIDS deaths on average.  Note that an increase in sales of one pack represents about one 
percent of the average total sales.  The coefficient in column 3 on the percentage of women 
giving birth who smoked during pregnancy is also positive statistically significant.  The 
magnitude of this effect is fairly large.  Every one percentage point increase in the proportion of 
mothers who smoked during pregnancy is associated with an average increase of 24 SIDS 
deaths. 
                                                 
4 Information on tobacco use is not collected on the birth certificates in California, Indiana, New York, and South 
Dakota in various years.  These states are omitted from the sample in the relevant years.    16 
 
Cigarette Policy Results 
Estimates of the reduced form models are presented in Tables 3, 4 and 5.  Table 3 
includes the price of cigarettes, while Table 4 includes instead the state excise tax on cigarettes.  
Table 5 presents results from models that include the lagged values of the cigarette variables.  
Five models are presented in each table.  The first includes the monetary price measure along 
with the state-level maternal and infant characteristics, the unemployment rate and real income 
per capita, state fixed effects, year fixed effects, and quarter fixed effects.  For brevity, the 
coefficients on fixed effects are not shown, although the results of the year fixed effects are 
discussed below.  The alternative specifications in each table build on the first model and include 
separately the three smoke free air laws and the smoking ban count in columns 2-5. 
Since the variables of interest are continuous measures, the coefficients from the poisson 
regression can be directly interpreted as semi-elasticities, that is, the percentage change in SIDS 
cases from a one unit change in the independent variable.  For ease of interpretation, I also 
present an alternative marginal effect in brackets which show the absolute change in the number 
of SIDS cases from a one unit change in the independent variable.  Elasticity estimates are also 
presented for cigarette prices and taxes at the bottom of each table. 
The first row in Table 3 shows the coefficients, t-statistics and marginal effects for the 
real price of cigarettes.  The results show across all models that higher cigarette prices are 
associated with a reduction in SIDS deaths.  A one dollar increase in the price of cigarettes is 
associated with an average reduction of 7.4 to 8.1 SIDS deaths.  In elasticity terms, a ten percent 
increase in the real price of cigarettes reduces SIDS deaths by a range of 6.7 to 7.4 percent.  The 
coefficients on the smoke free air laws are also negative and three of the four are statistically 
significant at conventional levels.  The coefficient on restrictions in private workplaces is   17 
significant at about the 12 percent level in a two-tailed test.  Each additional restriction placed on 
smoking decreases SIDS by 0.92 for the private workplace restrictions, by 1.2 for the restaurant 
restrictions and by 0.39 for the child care center restrictions.  The variable representing the 
number of bans shows that each additional smoking ban is associated with an average reduction 
of 1.46 SIDS deaths. 
Table 4 shows the results where the tax on cigarettes is included instead of the price of 
cigarettes.  The results are qualitatively very similar to those presented in Table 3.  The 
coefficients on cigarette taxes are all negative and statistically significant, as are three of the four 
smoke free air variables.  The tax elasticities reveal that every ten percent increase in the real 
taxes on cigarettes reduces SIDS deaths by a range of 1.56 to 1.79 percent.  The magnitudes of 
the effects of the smoke free air laws and the ban count are very similar to those in Table 3. 
The results in Table 5 show the effect of the one year lags of cigarette prices, taxes and 
smoke free air laws on the current year SIDS counts.  Lagging these variables does little to alter 
the results.  All the coefficient on the lagged variables are negative and statistically significant, 
with the exception of private workplaces.  The purpose of lagging the variables is to try to test 
the hypothesis that prenatal smoking affects SIDS deaths.  The results in Table 5 do provide 
some evidence that prenatal smoking matters since the previous year’s cigarette policies are 
negatively associated with current year SIDS rates.  I caution, however, that these results are 
merely suggestive since the cigarette variables tend to be correlated over time, particularly the 
SFA laws, which change infrequently.    
To help show that the results of the cigarette policy variables are not spurious, I examine 
the effects of the cigarette variables on two outcomes that should not be related to smoking:  1) 
infant deaths resulting from motor vehicle accidents and 2) infant deaths from drowning.  These   18 
two outcomes are chosen because they are potentially influenced by risky parental behaviors, as 
SIDS might be, yet logically should not be causally related to cigarette smoking.  Any result here 
showing that cigarette policies are related to these outcomes could indicate that omitted variables 
are problematic for the SIDS models.  These fatality counts come from NCHS’s Multiple Cause 
of Death files for the same years as the SIDS data.   
The results of these “counterfactual” models are presented in Table 6.  The results for 
motor vehicle fatalities are in the first three columns.  Column 1 shows the structural model and 
includes the annual per capita sales of cigarettes, on which the coefficient is positive and 
statistically significant.  It is difficult to explain why higher cigarette sales would directly lead to 
more infants dying in automobile accidents, so an omitted third factor is likely confounding this 
result.  The results of the reduced form confirm this and show no statistically significant effects 
for the cigarette prices, taxes, or the smoking ban count.  The results for drowning are shown in 
the last three columns of Table 6.  Here, none of the cigarette variables are statistically 
significant, as expected, implying that unobservables are not influencing the cigarette policy 
results.   
 
Year Indicator Results  
As mentioned above, the “Back to Sleep” campaign has often been credited for 
dramatically reducing the incidence of SIDS.  The coefficients on the year indicators in the 
models provide some measure of the effectiveness of this campaign.  Rather than showing the 
coefficients and marginal effects for all the time dummies, Figure 2 summarizes these results by 
plotting the predicted SIDS death counts over time.  For each year (t), a predicted SIDS count 
( t S ˆ ) is calculated by the following formula:     19 
2)  ) exp( ˆ
2 1 rb b x St + = , 
where b1 is a vector of coefficients for all of the independent variables excluding the year 
dummies,  x is the sample means of these independent variables, b2 is the vector of year 
coefficients and r takes on a value of 1 for the year in question and zero otherwise.
5  The 
coefficients are taken from the model in column 5 of Table 3 that includes the price of cigarettes 
along with the smoking ban count. 
The strict interpretation of Figure 2 is that it show the trends in SIDS that occur after 
accounting for the observable factors that include cigarette policies, and the maternal, infant, and 
state characteristics.  That is, Figure 2 shows the variation in SIDS that is attributed to 
unobserved annual trends that are common to all states.  More generally, this picture shows the 
trends that can be attributed to the national back to sleep campaigns, along with trends in 
reporting practices that are common across the country.  For reference, the actual unadjusted 
average annual SIDS counts are plotted against the annual average predicted counts in Figure 2.  
Note that the actual average state count is not adjusted for the population of live births, however, 
actual average state rates show a similar pattern.   
The predicted trend that is shown in Figure 2 is different from the actual trend in some 
important ways.  First there is an initial increase in predicted SIDS cases.  This could be due to 
increased awareness and reporting of SIDS cases that followed the introduction of the ICD code 
for SIDS in 1973.  This initial increase is followed by as slight decline from 1979 to 1981, after 
which SIDS increased again.  This decline is not observed in the unadjusted data until 1980.  The 
predicted values hit a peak in 1989, the same year as the unadjusted data, and then decline until 
1996, with one slight increase in 1991.  After 1996, the predicted SIDS counts increase until 
                                                 
5 The calculation also includes the log of the average number of live births with a coefficient of one.   20 
2000.  Again, this increase is not observed in the unadjusted data.  The predicted averages 
decrease, increase and slightly decrease again in 2001, 2002 and 2003, respectively.  It is 
interesting to note that 1996 was the year when the CDC issued a new reporting form for SIDS 
along with new guidelines regarding the death scene investigation.  It is likely that these 
practices are responsible for the increase in predicted SIDS after 1996.   
It is not clear from Figure 2 that the “Back to Sleep” campaign is responsible for the 
downward trend in SIDS cases that began in 1991 and continued through 1996.  Recall that 
while the AAP made its initial recommendation in 1992, the national campaign began in 1994.  
Some other unobserved factors have to be responsible for the early years of the downturn.  Note 
also that in 1996 the AAP made its recommendation regarding the back only, rather than the 
side, as the preferred sleep position.  Any resulting reductions in SIDS likely have been masked 
by the reporting changes issued by the CDC in the same year.  In summary, it is impossible to 
disentangle the effects of the Back to Sleep campaign from other nationwide factors that affected 
the SIDS rates.  Other time series data with more information about exposure to the information 
and sleeping practices are necessary to adequately evaluate the campaign.   
 
Maternal and Infant Characteristics 
The results of the other included variables in Tables 3, 4, and 5 are somewhat consistent 
with the findings of previous research on the predictors of SIDS, with a few notable exceptions.  
Older maternal age is associated with lower SIDS death counts, as is higher per capita income.  
For both of these variables, however, statistical significance varies somewhat depending on the 
model considered, but if significance is achieved, it generally ranges between the 5 and 10 
percent levels.  The education variables, however, show no differences in having larger   21 
percentages of the state population with high school or college degrees compared to no high 
school degree.     
Previous research has also found that children of non-whites are more likely to die of 
SIDS.  This result is duplicated here for states with larger percentages of mothers who are 
American Indian/Alaska Natives, but not for states with larger percentages of mothers who are 
black.  It is interesting to note that of all the racial and ethnic groups in the U.S., American 
Indians and Alaska Natives adults have the highest rates of tobacco use (USDHHS 1998).  
Previous research has also found low birth weight and male gender to be risk factors for SIDS.   
Again, these results are not duplicated here.  The coefficients on male gender, low birth weight, 
and very low birth weight are all statistically no different from zero in all models.   
One must be cautious in interpreting the coefficients for birth weight because along with 
SIDS, low birth weight is a possible outcome of prenatal smoking.   In fact, birth weights have 
been used in previous research as dependent variables in models examining the effects of higher 
cigarette taxes in increasing birth weights (Lein and Evans 2005; Evans and Ringel 1999).  This 
problem is explored in more depth in Table 7.  The first column presented here shows results for 
the maternal and infant characteristics in a model that excludes the cigarette price and policy 
measures.  This is done specifically to examine the coefficients on low birth weight and very low 
birth weight.   By excluding the cigarette policy variables from the model, the coefficients on 
low birth weight and very low birth weight are positive and become larger in magnitude.  
However, the standard errors are also high making these coefficients statistically insignificant.   
Given the potential relationship between the cigarette policy variables and birth weights, 
additional models are shown in Table 7 that exclude low birth weight and very low birth weight.  
The results of the cigarette price, tax and SFA laws are all very similar to those shown in the   22 
previous tables.  For brevity, only results for the current price, tax and the smoking ban count are 
shown here.  Excluding the low birth weight variables also does not affect any of the other 
coefficients.  These results should not be surprising given that the birth weight variables do not 
contribute much to the models. 
 
CONCLUSIONS 
Despite years of research, the causes of SIDS and related prevention strategies have been 
elusive to researchers and to the public health community.  To date, several risk factors have 
been identified and a national campaign seeks to inform caretakers about the risky practices that 
may lead to SIDS.  While the primary message of the campaign is to put babies in a supine 
position for sleep, the campaign also stresses the importance of a safe sleep surface and 
surroundings, which includes a smoke-free environment.   While SIDS rates have declined 
substantially since the early 1990s, thousands of children still die suddenly each year from this 
unexplained syndrome.   
This paper takes a new approach to studying the prevention of SIDS by combining 
lessons from epidemiology and economics.  Epidemiological studies have shown that prenatal 
maternal smoking and postnatal environmental smoke are major risk factors for SIDS deaths.  
Research in economics has shown that smoking is influenced by the determinants of the demand 
for cigarettes, including the monetary price and restrictions on smoking in public places.  By 
combining these two relationships, I show that more stringent cigarette regulations have a 
distinct and direct impact in reducing SIDS deaths.  The largest reduction comes from changes in 
the monetary price of cigarettes--each ten percent increase in the real price of cigarettes reduces 
the average number of SIDS deaths by a range of 6.7 to 7.4 percent.   A ten percent increase in   23 
the real taxes on cigarettes reduces SIDS deaths by a range of 1.56 to 1.79 percent.  The 
difference in the magnitude of the price and tax effects is not surprising since taxes make up only 
a proportion of cigarette prices. 
Restrictions on smoking in public places also may be life-saving to babies.  I find that 
each additional restriction placed on smoking decreases the average quarterly SIDS count by 
0.92 for the private workplace restrictions, by 1.2 for the restaurant restrictions and by 0.39 for 
the child care center restrictions.   The effectiveness of higher cigarette prices and taxes and 
more stringent restrictions on smoking in public places holds whether these factors are evaluated 
contemporaneously with the SIDS cases, or lagged one year to represent the prices policies that 
existed during the prenatal period. 
The results of this paper also contribute to the evidence for the causal relationship 
between smoking and SIDS, while avoiding the potential biased caused by omitted unobserved 
variables.  Since the exogenous determinants of cigarette smoking should not directly affect 
SIDS except through consumption, the findings that higher cigarette prices and stricter clean 
indoor air policies reduces SIDS is consistent with the theory that smoking causes SIDS.  In sum, 
this research highlights the message that a smoke-free environment is very important for the 
health and well-being of infants.   24 
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Real cigarette price SID rate per 1000 live births
Sources:  National Center for Health Statistics, Orzechowski and Walker (2005)




























Predicted average annual SIDS cases Actual average annual SIDS cases
Source:  National Center for Health Statistics  29 
Table 1 





  First Year: 1973 
(n=204) 
  Last Year: 2003 
(n=204) 











SIDS count  20.96  24.74  16.00  16.55  10.60  10.76 
Real cigarette price  1.15  0.39  0.92  0.11  2.06  0.32 
Real cigarette tax  0.20  0.12  0.26  0.10  0.37  0.26 
SFA: private workplace  0.26  0.50  0.00  0.00  0.69  0.89 
SFA:  restaurant  0.38  0.60  0.00  0.00  0.84  0.89 
SFA:  child care center  0.66  1.33  0.00  0.00  2.10  1.74 
Smoking ban count  0.18  0.44  0.00  0.00  0.69  0.78 
Maternal age at first birth  23.54  1.44  21.42  0.70  25.00  1.28 
High school degree  0.39  0.06  0.44  0.05  0.30  0.07 
Some college  0.21  0.05  0.17  0.05  0.22  0.06 
College or more  0.19  0.07  0.12  0.04  0.26  0.09 
Black  0.14  0.15  0.13  0.15  0.13  0.14 
American Indian/Alaska 
  Native  0.02  0.04  0.02  0.04  0.02  0.05 
Other race  0.03  0.09  0.02  0.09  0.05  0.09 
Female baby  0.49  0.01  0.49  0.01  0.49  0.01 
Low birth weight  0.06  0.01  0.06  0.01  0.07  0.01 
Very low birth weight  0.01  0.004  0.01  0.003  0.01  0.004 
State unemployment  6.05  2.07  4.83  1.45  5.65  1.04 
State real income per capita 
(in $1,000s)  13.75  2.78  11.46  1.70  16.71  2.64 
State per capita cigarette 
sales (in packs)  109.86  33.98  132.32  35.15  75.29  31.02 
Maternal smoking during 
pregnancy  0.16  0.05 
 
--  -- 
 
0.13  0.05 
Note:  The unit of observation is a state in each year and quarter of the data.  30 
Table 2:  SIDS Counts on Cigarette Sales and Smoking During Pregnancy  
  (1)  (2)  (3) 





[0.222]   
Smoking during pregnancy 
















































































































N  6324  1632  2872 
Note:  Z-statistics in parentheses, and intercept not shown.  Brackets show marginal 
effects; the change in the average quarterly SIDS count from a one unit change in 
the independent variable.  Coefficients can be interpreted as the percentage change 
in the average quarterly SIDS count from a one unit change in the independent 
variable.  Column 1 uses quarterly data from 1973-2003.  Column 2 uses annual 
data from 1973-2003.  Column 3 uses quarterly data from 1989-2003.  All models 
also include year and state dummy variables. Columns 1 and 3 also include 
quarterly dummies.   31 
Table 3:  SIDS Counts on Cigarette Prices and Smoke Free Air Laws 
  (1)  (2)  (3)  (4)  (5) 



















[-0.921]       
SFA:  restaurant 
   
-0.099 
(-4.62) 
[-1.245]     
SFA:  child care center 
     
-0.031 
(-2.26) 
[-0.394]   
Smoking ban count 

























































































































































[-1.082]   32 






























Price elasticity  -0.740  -0.720  -0.677  -0.703  -0.670 
  Note: Z-statistics in parentheses, and intercept not shown.  Brackets show marginal effects; the change in the 
average quarterly SIDS count from a one unit change in the independent variable.  Coefficients can be 
interpreted as the percentage change in the average quarterly SIDS count from a one unit change in the 
independent variable.  All models also include year, quarter, and state dummy variables. N=6,324.   33 
Table 4:  SIDS Counts on Cigarette Tax and Smoke Free Air Laws 
  (1)  (2)  (3)  (4)  (5) 



















[-0.749]       
SFA:  restaurant 
   
-0.089 
(-4.11) 
[-1.118]     
SFA:  child care center 
     
-0.028 
(-2.16) 
[-0.350]   
Smoking ban count 

























































































































































[-1.606]   34 






























Tax elasticity  -0.179  -0.170  -0.156  -0.168  -0.157 
  Note: Z-statistics in parentheses, and intercept not shown.  Brackets show marginal effects; the change in the 
average quarterly SIDS count from a one unit change in the independent variable.  Coefficients can be 
interpreted as the percentage change in the average quarterly SIDS count from a one unit change in the 
independent variable.  All models also include year, quarter, and state dummy variables. N=6,324.   35 
Table 5:  SIDS Counts on Lagged Cigarette Price, Tax and Smoke Free Air Laws 
  (1)  (2)  (3)  (4)  (5) 



















[-0.844]       
Lagged SFA:  restaurant 
   
-0.093 
(-4.31) 
[-1.178]     
Lagged SFA:  child care center 
     
-0.031 
(-2.15) 
[-0.389]   
Lagged Smoking ban count 




Price elasticity  -0.820  -0.801  -0.748  -0.780  -0.743 
 
           



















[-0.663]       
Lagged SFA:  restaurant 
   
-0.082 
(-3.69) 
[-1.039]     
Lagged SFA:  child care center 
     
-0.027 
(-2.04) 
[-0.345]   
Lagged Smoking ban count 




Tax elasticity  -0.198  -0.190  -0.175  -0.187  -0.176 
  Note: Z-statistics in parentheses, and intercept not shown.  Brackets show marginal effects; the change in the 
average quarterly SIDS count from a one unit change in the independent variable.  Coefficients can be 
interpreted as the percentage change in the average quarterly SIDS count from a one unit change in the 
independent variable.  All models also include maternal, infant and state characteristics, and year, quarter, 
and state dummy variables. N=6,324.   36 
Table 6:  Infant Motor Vehicle and Drowning Fatalities 
  Motor Vehicle Fatalities    Drowning Fatalities 
Annual per capita cigarette sales  0.003 
(2.54) 
[0.008]     
0.001 
(0.35) 
[0.001]     




[-0.128]     
0.266 
(0.97) 
[0.047]   
Real cigarette tax 
   
-0.237 
(-0.84) 










































































































































































































































  Note:  Z-statistics in parentheses, intercept not shown, and marginal effects in brackets. Columns 1 and 4 use annual 
data and n=1,632.  Columns 2, 3, 5 and 6 uses quarterly data and n=6,324.  All models also include year and state 
dummy variables. Quarterly data also include quarterly dummies.   37 
Table 7:  Alternative SIDS Models 
  (1)  (2)  (3)  (4)  (5) 







[-7.422]     
Real cigarette tax 







Smoking ban count 
   
-0.116 
(-2.86) 




























































































































Low birth weight  3.681 
(1.27) 
[46.641]         
Very low birth weight  2.336 
(0.50) 
[29.599]         






























Price/tax elasticity    -0.748  -0.675  -0.181  -0.158 
  Note: Z-statistics in parentheses, and intercept not shown.  Brackets show marginal effects; the change in the 
average quarterly SIDS count from a one unit change in the independent variable.  Coefficients can be interpreted as 
the percentage change in the average quarterly SIDS count from a one unit change in the independent variable.  All 
models also year, quarter, and state dummy variables. N=6,324. 